Plants need to allocate some of their limited resources for defense against herbivores as well as for growth and reproduction. However, the priority of resource allocation within plants has not been investigated. We hypothesized that plants with extrafloral nectaries (EFNs) invest more chlorophyll around their EFNs-to support a high rate of carbon fixation there-than in other leaf parts of young leaves. Additionally, this chlorophyll may remain around EFNs rather than in the other leaf parts. We used Mallotus japonicus plants to investigate the chlorophyll content at leaf centers and edges and around EFNs at four stages of leaf development: middle-expanded young leaves, fully expanded mature leaves, senior leaves, and leaves prior to abscission. These four stages of development were located at the third, fifth, eighth, and eleventh leaf positions from the apex, respectively. The results revealed that the chlorophyll content around the EFN side of the third-position leaves was higher than that at the leaf center or edge. Although the chlorophyll content in the fifth-position leaves did not differ between those at the leaf edge and around EFNs, the chlorophyll content around EFNs in the eighth-position leaves was higher than that at the leaf centre and edge.
| INTRODUCTION
Herbivores often strongly affect plant growth and reproduction.
Therefore, plants need to allocate some of their limited resources to defend themselves against herbivores as well as to grow and reproduction (Walters, 2011; Yamawo, Tokuda, Katayama, Yahara, & Tagawa, 2015) . Nevertheless, how resource allocation within plants is prioritized has not been investigated yet (but see Heil et al., 2002) .
The optimal resource allocation to various plant defenses was proposed by McKey (1974 McKey ( , 1979 and this is now referred to as "optimal defense theory." The optimal defense tactics are determined according to the value of the defended plant organs, physiological † The authors would like to gratefully acknowledge the contributions of the late Nobuhiko Suzuki, who passed away in an accident. them to enable the resorption of nitrogen.
Extrafloral nectaries (EFNs) have been identified in approximately 4,000 species worldwide, including those in 745 genera from 108 families of flowering plants (Weber & Keeler, 2013) . Many studies have reported on the defensive function of EFNs against herbivores (Koptur, 1992; Rico-Gray & Oliveira, 2007) . EFNs are plant glands that secrete sugar, water, and amino acids (Heil et al., 2000; Ness, 2003; Yamawo et al., 2015) . Extrafloral (EF) nectar production depends on carbon fixation by the plant (Xu & Chen, 2015) , which depends on the chlorophyll content of its leaves (Yamawo & Hada, 2010) . We hypothesized that EFN-bearing plants preferentially invest chlorophyll near EFNs, so as to support a high level of carbon fixation for EF nectar production, rather than in the other leaf parts of young leaves. Additionally, as it is needed for the continued production of EF nectar, this chlorophyll should remain around the EFNs more than at the other leaf parts.
Here, we focused on the plant Mallotus japonicus (L.) Muell. Arg.
(Euphorbiaceae). We grew M. japonicus seedlings and investigated their chlorophyll content at the leaf center, leaf edge, and around the EFNs in leaves of various ages. We then discuss the resource allocation and resorption patterns.
| MATERIALS AND METHODS

| Study species
We used seedlings of M. japonicus, a pioneer plant that grows in gaps and disturbed areas in temperate and subtropical regions of eastern Asia. The plant bears EFNs on its leaf edges (Yamawo, Katayama, Suzuki, & Hada, 2012) , which secrete nectar that contains primary sugars used in the production of leaves (Yamawo et al., 2015) . Instead, of the physical and chemical defenses provided by trichomes and pellucid dots, which function on young leaves, the EFNs mostly function on middle-aged leaves and attract ants, thereby reducing leaf damage by eliminating herbivores from the plant (Yamawo, Tagawa, Hada, & Suzuki, 2014; . EF nectar secretion in middle-aged leaves depends on the chlorophyll content of the leaves (Yamawo & Hada, 2010) . The pots were placed in a greenhouse at Saga University (33°24′N, 130°29′E) and cultivated for 70 days. All of these plants had approximately 11-12 leaves at the beginning of the experiment.
| Cultivation of young Mallotus japonicus plants
| Estimation of the chlorophyll content and extrafloral nectar production
To estimate the change in the chlorophyll content of each leaf part as a function of leaf age, we chose leaves at four positions: the third, fifth, eighth, and eleventh position from the apex of each plant. The corresponding ontogeny stages of these leaves were as follows: middleexpanded young, fully expanded mature, senior, and leaves prior to abscission (Figure 2 ). We used one leaf per stage per plant. For each leaf stage, we estimated the chlorophyll content of a 6-mm 2 leaf area from each of the three leaf parts: around the EFNs at the leaf edge, at the leaf edge but 1 cm away from the nectar, and at the centre of the leaf. To do this, we used a chlorophyll meter (SPAD-502, Konica Minolta). It measures the transmittance of red (650 nm) and infra-red (940 nm) radiation through the leaf, and it calculates a relative SPAD meter value that should "correspond to the amount of chlorophyll present in the leaf sample" (Minolta, 1989) . One EFN was randomly selected from each leaf per plant. The chlorophyll content (C) was estimated by the meter values (M) measured using the SPAD-502 in following equation: C = 10 (M 0.265 ) (Markwell, Osterman, & Mitchell, 1995) . The photosynthetic rate could be assessed using the values obtained from the SPAD-502 because this rate is significantly correlated with the leaf chlorophyll content (Emerson, 1929; Fleischer, 1935) .
To measure the nectar volume secreted from each EFN sampled to estimate the chlorophyll contents, selected leaves of cultivated plants were washed with distilled water to remove any accumulated EF nectar from the EFNs. The leaf surface was dried with Kim-towels (Jujo Kimberly, Tokyo, Japan). Nectar secreted within 24 h was then collected from each EFN by using 0.5-μl microcapillary tubes (Drummond Scientific Co., Broomall, PA, USA). The volume of EF nectar was estimated by multiplying the proportion of the length of the tube filled with EFN to the total length by 0.5 μl.
| Data analysis
All data were analyzed in R version 2.15.1 software (R Development Core Team, 2012).
The chlorophyll contents were examined by a generalized linear mixed model (GLMM) with a Poisson distribution with a log-link func- 
| RESULTS
The chlorophyll content differed among the positions within the leaves and leaf age classes (positions within leaves × leaf ages, GLMM, df = 6, χ 2 = 18.87, p < .001). The chlorophyll content around the EFN side was higher than that at the leaf center and edge in the third- 
| DISCUSSION
In the present study, we found that M. japonicus plants have higher chlorophyll levels around the EFNs than in the other leaf parts of young leaves (Figure 1) . Additionally, the chlorophyll remained around the EFNs until it was collected from other leaf parts prior to leaf senescence and abscission. One previous study has suggested the case for preferential investment in plant defense. Heil et al. (2002) also reported that Macaranga triroba invests more resources into increasing the production of food bodies and food for mutualist ants than into plant growth. Our findings may also suggest that M. japonicus plants preferentially invest their resources in defense.
With increasing leaf age, M. japonicus plants shift their antiherbivore defenses from physical and chemical traits to biotic using EFNs and food bodies . This shift to biotic defense achieves a greater investment of resources for plant growth because the allocation costs of biotic defense are lower than those of physical and chemical defenses (Yamawo et al., 2015) . The preferential investment of chlorophyll around EFNs may facilitate the ontogenic shift in leaf defenses and could be useful for minimizing the allocation cost of defense traits.
The plants retained chlorophyll around the EFNs in the senioraged leaves (Figures 1 and 2) . demonstrated that EF nectar production was highest in the middle-aged leaves, at approximately third to fifth positions from the shoot tip, but that it decreases with leaf age. However, prior studies have also demonstrated that leaves 7-11 weeks in age also secret a small amount of EF nectar which attracts some ants. Thus, the chlorophyll around EFNs in the senior leaves of M. japonicus may function to attract a small number of ant workers. Under such a condition, however, the defensive function against herbivory that is provided by ants on senior leaves appears to be small because its effectiveness depends on the abundance of ants attracted (Giusto, Anstett, Dounias, & McKey, 2001; Katayama & Suzuki, 2011; Yamawo, Hada, & Tagawa, 2017) . Nonetheless, even a small number of ants might confer other beneficial functions to the plant, such as the exclusion of pathogens (Thornham, Smith, Ulmar Grafe, & Federle, 2012) . If ant attraction in senior leaves has a defensive function against herbivores or pathogens, or both, it may increase the opportunity for the resorption of nitrogen from them, because it prevent consume these leaves and any nitrogen by herbivores or pathogen. Additional studies must be conducted to ascertain whether or not attracting ants to senior leaves is indeed beneficial for plants.
In conclusion, our results indicated the preferential concentration of chlorophyll around the EFNs over other parts in M. japonicus leaves during their development and functional maturity, to facilitate EF nectar production in young leaves. Furthermore, the plants retain the chlorophyll around the EFNs in the old leaves, and thus maintained the secretion of EF nectar. Together, these results support our hypothesis and provide a novel perspective for future studies on plant defense.
Previous studies have focused on young leaves and plant tissues. Our results raise the intriguing question: "How does a plant defend old leaves containing resource elements"?
